To date, only a limited number of antigens have been described as specific for Mycobacterium leprae, and in many cases, homologues have subse quently been shown to exist in mycobacteria such as M. avium and M. intracellulare. A Leprosy Synthetic Peptide Skin Test Initiative was established by the Steering Committee on the Immunology of Mycobacteria of the UNDP/World BanklWHO Special Programme for Research and Training in Tropical Diseases, to investigate the potential of synthetic peptides that encode T-cell epitopes as diagnostic tools, which could be used to develop a skin-test reagent specific for leprosy. Such M. leprae specific peptides should have unique amino acid sequences, or significant sequence dissimilarity from those in other mycobacteria. Synthetic peptides, 15 amino acids long, were synthesised from 33 genes or open reading fr ames within the M. leprae genome. Tuberculoid leprosy patients from four leprosy-endemic countries, Brazil, Ethiopia, Nepal and Pakistan, were tested as subjects known to have been infected with M. leprae, and to make good T-cell responses to antigens of M. leprae; UK blood donors were used as non-exposed or non-infected subjects. Peptides inducing potentially specific responses in leprosy patients and not in UK controls, and those
S56
Workshop Proceedings inducing cross-reaction responses, present in both leprosy patients and non-exposed, non-infected controls, were identified. A difference from the equivalent M. tubercu losis sequence of five or more amino acid residues did not, by itself, identify peptides that were M. leprae-specific, suggesting that many of these peptides may have homologues in environmental mycobacteria. To date, this approach has identified a number of peptides with greater than 90% specificity and 19-47% sensitivity, which are undergoing further specificity-testing. Such peptides would have great potential as T-cell reagents with which to monitor exposure to M. leprae within communities, formulated either as skin-test reagents, or as antigens for tests in vitro.
To be specific for My cobacterium leprae, a peptide epitope must have a unique sequence of amino acids, not found in other mycobacteria or other infectious agents, or a significant degree of sequence-dissimilarity from the equivalent sequence in other mycobacteria. The peptide should be recognized by T cells from subj ects known to be infected with M. leprae, such as patients with tuberculoid leprosy, and should not be recognized by those infected with other mycobacteria such as M. tuberculosis. M. leprae-specific peptides could be used to confirm early cases of leprosy, in whom diagnosis is often difficult, but would not be useful for the diagnosis of patients with multibacillary lepromatous disease, as these individuals mount weak or negligible T-cell responses. The peptide should also be recognised more strongly by T cells from subjects living in areas highly endemic for leprosy than by T cells from those living in areas of low prevalence. If such M. leprae-specific peptides were identified, they could be used to monitor the degree of exposure to leprosy within different communities, to aid leprosy control programmes to target their efforts in areas in which contact with M. leprae is more common.
Peptides 15 amino acids long were selected, using FINDPATTERNS and Epimer, l from the genome of M. leprae, based on the presence of three or more HLA-DR binding-motifs, and synthesized. Peptides that bind to more than one HLA type would make better diagnostic reagents, as they would have the ability to be presented by antigen-presenting cells in a larger proportion of the population. 2 , 3 However, even using such genetically permissive or 'promiscuous' peptides, it is likely to be necessary to use a pool of peptides, to ensure that all individuals from different ethnic groups, with different HLA types, could respond.
Tuberculoid leprosy patients were used as a group of subjects known to be infected with M. leprae, and known to make good T-cell responses to M. leprae and its antigens. Healthy staff members, who had worked closely with leprosy patients over many years without developing the disease, were also used, as such subjects, who are actually contacts to patients with leprosy, are known to show very strong T-cell responses. The leprosy patients and contacts were recruited in four leprosy-endemic countries, Brazil, Ethiopia, Nepal and Pakistan, in order that peptides capable of inducing T-cell responses in different ethnic groups might be identified. As non-exposed subjects, blood-bank donors in the UK were used, as it is extremely unlikely that any of these subjects would have visited a leprosy-endemic country, or have been exposed to M. leprae.
To date, 81 peptides from 33 genes have been tested for their ability to induce lymphocyte proliferation and secretion of interferon-" (IFN,,) in standard human peripheral blood monunuclear cell (PBMC) cultures. 4 Although most cultures showing good IFN,,-production also gave a proliferative response, secretion of IFN" proved a more sensitive assay for detecting T-cell responses to peptides than did lymphocyte proliferation. This is likely the result of accumulation of IFN" over the 6-day assay period, whereas lymphocyte prolifera tion is measured only overnight, the cultures being pulsed with tritiated thymidine on day 5. Intracellular cytokine stammg was performed in peptide-stimulated cultures from UK subjects to confirm that the majority of the cells making IFNy were T cells.
Peptides showing greater responses in the M. leprae-infected or exposed groups than in the UK non-exposed group were identified, but other peptides gave equivalent responses in both groupS. 4 Analysis of the peptide sequences indicated that many of the peptides inducing good T-cell responses in the non-exposed UK donors had similar sequences in M. leprae and M. tuberculosis. Comparison of the 15 peptides tested to date which differed by five or more amino acid residues from those in the equivalent M. tuberculosis sequence showed that eight peptides had a specificity of 90% or greater, as defined by the IFN-y-test in the UK non exposed group. 4 The sensitivities to these peptides varied, usually being greater among leprosy-contacts than among tuberculoid leprosy patients. No peptide induced positive responses in all of the M. leprae-infected or exposed subjects, so that a number of peptides would need to be pooled to provide a reagent capable of inducing T-cell reactivity in the majority of subjects of any ethnic group. It was interesting that a difference of five or more amino acids residues from those in M. tuberculosis did not by itself predict M. leprae specificity; although the position of such amino acid changes relative to the T-cell contact residues will be critically important, it is also possible that there may be homologous epitopes within other mycobacteria such as M. avium, for which the full genome sequence is not yet known. Many of the peptides that induced the strongest T-cell responses in both M. leprae infected and exposed subjects as well as the UK controls had very similar or identical sequences in M. leprae and M. tuberculosis; this suggests that T cells may have been strongly primed or boosted to such epitopes by vaccination with M. bovis BCG, or by contact with the equivalent conserved epitopes within environmental mycobacteria.
One finding of interest was the detection of strong T-cell responses to peptides from open reading frames or genes of M. leprae not previously known to be T-cell antigens. This suggests that the repertoire of T-cell antigens recognized during M. leprae infection may be much broader than had previously been thought. Many of these genes are predicted to encode enzymes involved in housekeeping or general metabolic functions, genes the structure of which might be relatively conserved. Ongoing testing of the lead peptides identified to date will include their testing with PBMC from patients with pulmonary tuberculosis; ideally, testing with PBMC from patients infected with other mycobacteria such as M. avium should also be performed. The peptides must also be tested with PBMC from control subjects in the various leprosy-endemic countries.
The M. leprae genome is now thought to contain as many as 100 genes not present in M. tuberculosis, which might therefore be M. leprae-specific genes. 5 Peptides from these sequences should therefore be tested as a high priority. The current approach, using the presence of multiple HLA-DR binding motifs, has proved to be capable of predicting peptides that induce T-cell responses in infected subjects. It may therefore be an efficient strategy to select for testing peptides containing HLA-DR binding motifs within M. leprae-specific genes. Another approach would be to make overlapping peptides that span the full sequences of these genes, or at least of selected genes. This approach may identify additional T-cell epitopes, which, however, might lack the ability to be recognized by T cells from subjects belonging to different ethnic groups. 6 A third strategy would be to express the M. leprae specific genes as recombinant antigens, and to map T-cell peptide epitopes only within those antigens that give the strongest and most specific responses.
In summary, the work performed to date by this strategic Task Force has shown that a multicentre, co-ordinated approach using peptides predicted to contain three or more HLA-
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Wo rkshop Proceedings DR binding-motifs can identify T-cell epitopes which are recognized by significant propor tions of M. leprae-infected or exposed subjects. Further specificity testing of these peptides is now required, using samples of blood from patients infected with M. tuberculosis. A similar approach could be used to identify CD4 T-cell epitopes within genes present in M. leprae but absent from M. tuberculosis, which might have greater specificity. Such T-cell reagents could be used as research tools, to develop assays for early diagnosis, or to monitor exposure to M. leprae within leprosy-endemic countries. 
DISCUSSION
Professor Modlin: If I remember correctly, in our studies of the 10 kDa antigen, we found that only two differences in the amino acid sequence of certain peptides determined specificity for M. leprae or M. tuberculosis. It might be that some peptides with fewer than five mismatches would be useful, if the mismatches occur in the area of the T-cell-receptor contact site.
Dr Dockrell: I agree. Only a single amino acid mismatch in a critical position might be enough to change the specificity of a peptide. The IMMYC-sponsored programme has an inventory of 110 peptides that have not yet been tested, and I have just spent some time in Stewart Cole's laboratory, seeking means of predicting activity and specificity.
Professor Britton: Do the peptides that you've tested include a range of HLA haplotypes? And have there been differences of reactivity to the peptides in different populations? We found a number of peptides to which Australians reacted but Nepalese did not. One of the strengths of your approach is that you are testing the peptides on two different continents among a variety of population groups; this is the correct approach.
Dr Dockrell: Some of the peptides elicited a strong response in Brazil and not in Pakistan, or in Pakistan but not in Ethiopia. This approach presupposes the use of a pool of peptides with varying HLA specificity. Unfortunately, we have been unable to HLA-type donors in the
